This paper tests how the labour market characteristics of European regions shape regional absorptive capacity (RACAP), and regions' ability to assimilate knowledge from public and externally-conducted R&D. In particular, we aim to establish whether labour market aspects of RACAP are more important for innovation in prosperous or lagging regions of the EU. Using European Innovation Scoreboard data, we estimate a RACAP-augmented regional innovation production function for 105 EU regions. Results indicate that there clearly are absorptive capacity effects on innovation arising from labour market influences at the regional level, and that the different organisational and individual RACAP effects are heavily contingent on regional characteristics. One of the key specific findings is that there is evidence of overinvestment in tertiary education among prosperous EU regions, while lessfavoured regions are more likely to improve their absorptive capacity by investing in lifelong learning rather than in tertiary education. 
Innovation and Regional Absorptive Capacity: the Labour Market Dimension

Introduction
Since the seminal work of Levinthal (1989, 1990 ) the notion of absorptive capacity has been widely used in the strategic management literature to capture 'the ability of an enterprise to value, assimilate and apply new knowledge'. Other recent studies have emphasised the multi-dimensional nature of absorptive capacity (ACAP), and its potential value in integrating literatures on organisational learning and resource and capability-based perspectives (Zahra and George, 2002) . The concept of ACAP has been found to have particular value in studies of the relationship between knowledge acquisition and different dimensions of organisational performance 1 .
A natural extension of enterprise-level ACAP is to consider absorptive capacity at national or regional level, a theme most strongly associated with the literature on international technology transfer (e.g. Keller, 1996) 2 . As Narula (2004) emphasises, however, national or regional ACAP (RACAP) is influenced by more than the ACAP of individual enterprises, reflecting also the capability of other knowledge creating or mediating organisations in the region, and the extent of association between organisations (e.g. Morgan, 1997; Grabher and Stark, 1997; Cooke and Morgan, 1998) 3 . This view of RACAP draws strongly on the literature on national and regional innovation systems (e.g. Braczyk et al., 1998) and learning regions (Lundvall and Johnson, 1994) and suggests that, even given common access to technology, regional differences in labour market and industrial organisation, institutional structures, regulatory frameworks and social conventions, may lead to very different outcomes (e.g. Nelson, 1993; Braczyk et al., 1998) 4 . 1 Zahra and George (2002) provide a comprehensive review of organisational applications of the concept of ACAP to innovation (e.g. Cohen and Levinthal, 1990; Veugelers, 1997) , best practice (Szulanski, 1996) , research productivity (Cockburn and Henderson, 1998) , and IT adoption (Boynton, Zmud and Jacobs (1994) . 2 Narula (2004) , p. 6, for example, quotes the definition of national absorptive capacity used by Dahlman and Nelson (1995) -'the ability to learn and implement the technologies and associated practices of already developed countries '. 3 In this sense our position reflects that of van den Bosch et al. (2002) , pp. 5-8 who argue that ACAP can be envisaged at various levels of analysis: the individual, the organisational and the interorganisational. Our aim here, however, is to suggest that it is useful to integrate these perspectives rather than seeing them as alternative levels of analysis. 4 For example, with respect to Germany and the UK it has been argued that different patterns of business evolution in the two countries have played an important role in We focus here on testing how the labour market characteristics of European regions shape RACAP, and regions' ability to assimilate knowledge from public and externally-conducted R&D. A key objective is to distinguish empirically between two alternative views of the relationship between ACAP and regions' level of development. In particular, we aim to establish whether labour market aspects of RACAP are more important for innovation in prosperous or lagging regions. It may be, for example, that because of structural disadvantages associated with sectoral-mix, or a predominance of small firms, less favoured regions (LFRs) find it more difficult to appropriate spillovers from R&D due to their limited RACAP (e.g. Rodríguez-Pose; Roper et al., 2003) 5 . Or, because they are further behind the international technology frontier, it may actually be easier for LFRs to absorb new technologies than more prosperous regions whose level of technological development is already nearer to the technological frontier (e.g. Narula, 2004) .
The remainder of the paper is organised as follows. Section 2 outlines our conceptual approach to RACAP emphasising its multi-level and multi-dimensional character 6 . shaping the distribution of knowledge control. Chandler (1990) , for example, has argued that the different characteristics of capital markets in the UK and Germany have led to different processes of conglomeratisation (see also Whittington, Mayer and Curto, 1999) . The UK, it is argued, because of its relatively large capital markets, followed the US lead with larger companies involved in a process of conglomeratisation and 'over diversification' through to the 1970s, before the disinvestments and buyouts of the 1980s began to correct the trend (Chandler, 1990) . Germany, and other countries in Continental Europe, however, were more easily able to avoid, and correct, the excesses of diversification: ' ... because European firms continued to rely on long-established relationships with banks and other financial institutions, they were able to pull back when such expansion did not prove profitable, and they appear to have done so in a more orderly fashion than their American counterparts' (Chandler, 1990, p.26) . 5 Fernandez et al. (1996) on government supported R&D in Spain, have also suggested that the dominance of the Spanish economy by small and medium-sized firms, limits its capacity to appropriate locally the full benefits of publicly supported basic research activity. Fernandez et al. (1996) go on to suggest that for less developed regions, or those with an intermediate technological and industrial base, the locally captured social returns might be greater from investing in strategic or applied rather than basic research. 6 We omit from our discussion, however, one element of absorptive capacity emphasized by Narula (2004) pp. 7-8, i .e. the ability of a national or regional economy to actively 'select and search the most appropriate technology'. In other words our use of the term absorptive capacity accords more strongly with the earlier introductory discussion in Narula (2004) , i.e. 'absorptive capacity per se has little or no Section 3 describes the data used to explore the labour market dimensions of RACAP, and section 4 outlines our main empirical results. Section 5 concludes with some discussion of the results and the implications for future research.
Regional Absorptive Capacity and the Labour Market
Increments to knowledge can influence the level of innovation in a region through three main mechanisms: by stimulating innovation in the knowledge generating organisation itself; by generating positive rent (or pecuniary) externalities which are the result of market transactions; and, by generating pure knowledge spillovers which are independent of any market mechanism (Griliches, 1979 (Griliches, , 1992 7 8
. RACAP is primarily concerned with the latter two of these, i.e. the ability of a region to evaluate knowledge, to assimilate that knowledge through either rent or pure knowledge spillovers, and then apply that knowledge commercially. The complexity of this process of knowledge acquisition, assimilation and commercialisation emphasises influence on productivity, economic growth or employment. That is it is an inert concept -much like an enzyme -that only has significance as a catalyst, helping to metabolize technology flows' (p. 2). 7 Another clear influence is the type of R&D being undertaken (see Roper et al., 2004 for discussion). For example, recent evidence from Guellec and van Pottelsberghe de la Potterie (2001) , who analysed R&D and productivity growth in 16 OECD countries, suggests that a 1 per cent increase in business R&D generates a smaller (0.13 per cent) productivity increase than either a similar increase in foreign R&D (0.44 per cent) or public R&D (0.17 per cent). 8 Beugelsdijck and Cornet, (2001, p. 3) summarise the distinction between rent and pure knowledge spillovers as follows:
'Rent spillovers arise when quality improvements by a supplier are not fully translated into higher prices for the buyer(s). Productivity gains are then recorded in a different firm or industry than the one that generated the productivity gains in the first place. Rent spillovers occur in input-output relations. Pure knowledge spillovers refer to the impact of the discovered ideas or compounds on the productivity of the research endeavours of others. Pure knowledge spillovers are benefits of innovative activities of one firm that accrue to another without following market transactions'. (Beugelsdijck and Cornet, 2001, p. 3) .
graduate placement from a university is based with a company to undertake a specific project. In the case they review, a graduate placed with a manufacturing company instituted ten new innovation routines of which seven were related to new information gathering or absorption 9
. Other evidence of the importance of individual capabilities in shaping RACAP comes from Zucker et al. (1998a, b) who examined the role of 'star' scientists in the development of the biotechnology industry in California. They concluded that the positive impact of research universities on nearby firms arises mainly from identifiable market exchanges between individual university star scientists and firms. Again the scientists were acting as conduits for the flow of knowledge between the universities and the companies with whom they were affiliated. Broader evidence of the positive impact of individual capabilities on firms' ability to commercialise knowledge through innovation is also persuasive (e.g. Freel, 2003) . Recent studies, however, have also emphasised the importance of HRM practices (e.g. Michie and Sheehan, 2003) and work organisation (e.g. Finegold and Wagner, 1998) externally-owned plants in Ireland. R&D capability has also been found to be important in shaping firms' ability to absorb new knowledge. Veugelers and Cassiman (1999) , for example, in their analysis of Belgian data suggest that firms undertaking in-house R&D benefited more from external information sources than 9 The new routines introduced were literature scan, customer contacts, trade shows, idea capture form, competitor price check, customer input, supplier input. The three new routines not directly related to absorptive capacity were: new product development committee, reverse engineering and prototype development (Jones and Craven, 2001 , Table 2 , p. 272). 10 The geographical distribution of industry within a host region may also be an important factor in determining the potential benefits which the region can capture due to spatial economies of clustering and agglomeration (e.g. Dobkins, 1996) . How significant such agglomeration effects are likely to be, however, remains uncertain. Evidence from the US (e.g. Audretsch and Feldman, 1996) identifies a positive relation between R&D spillovers and the extent of agglomeration while the European evidence is more mixed (e.g. Nijkamp, 1989, 1992; Kleinknecht and Poot, 1992; Koschatzky et al., 1998; Roper, 2001) .
companies which had no in-house R&D activity. Cassiman and Veugelers (2002) also emphasise the complementarity between internal and external R&D activity, and demonstrate that firms engaging in both activities introduce more innovative products than firms engaged in either external or internal R&D alone.
Alongside R&D other aspects of firms' internal organisation have also been shown to be important for innovation, particularly boundary spanning links between R&D departments and other functional groups within the firm (e.g. Song et al., 1997) . It has been argued, however, that establishing such relationships may be more difficult in some countries than in others. Herrigel (1996) , for example, argues that the high degree of specialisation of German skilled workers and their 'culture' of disciplinary pride coupled with the narrow functional orientation of managers from different disciplines, may make it more difficult for German firms to establish cross-functional teams or integrated product development teams than those in other countries (see also Finegold and Wagner, 1998) . In the UK, by contrast the weakness of the industrial training system may have the somewhat ironic advantage of avoiding some of the barriers to flexible work practices evident in German firms.
The wider, systemic, capabilities of a region's innovation system may also be important in shaping RACAP (Braczyk et al., 1998; EU, 1998; Nasierowski and Arcelus, 1999) , with a particular emphasis on 'untraded interdependencies' (Dosi, 1988) , knowledge 'spillovers' (Audretsch & Feldman, 1996) , knowledge integration through 'open systems architecture' (Best, 2000) , and formal or informal innovation networks and joint ventures (e.g. Oerlemans et al., 1998; Love and Roper, 2001; Mamuneas and Nadiri, 1996; Veugelers and Cassiman, 1999) 11 . Again, however, the ability of a specific region to develop such boundary spanning links will depend on the wider social context. Lane (1997) , for example, argues that the social context in the UK makes inter-firm network relationships based on mutual trust more difficult to develop than in Germany. As a result: 'The establishment and maintenance of 11 To quote Metcalfe, (1997, pp. 461-462) a national or regional system of innovation is 'that set of distinct institutions which jointly and individually contribute to the development and diffusion of new technologies and which provides the framework within which governments form and implement policies to influence the innovation process. As such it is a system of interconnected institutions to create, store and transfer the knowledge, skills and artefacts which define new technology. The element of nationality follows not only from the domain of technology policy but from elements of shared language and culture which bind the system together, and from the national focus of other policies laws and regulations which condition the innovative environment'. To test the importance of labour market RACAP effects we make use a regional innovation production function (e.g. Griliches, 1979) . This relates an innovation output indicator for region j, I j , to the level of technology investment in the region, R j , the level of public technology investment in the region, P j , and national levels of business (R) and public technology investment (P), i.e.
Where, β 2, the coefficient on public technology investments in the region, will reflect the strength of local (intra-regional) spillovers, and β 3 and β 4 will reflect inter-regional spillovers from national technology investments. Labour market RACAP effects are then captured by adding interaction effects between a series of regional labour market indicators L j and the technology investment variables, i.e.
Here, β 5 will reflect the influence of labour market factors on regions' ability to capture intra-regional spillovers, while β 6 and β 7 will indicate the influence of the labour market in regions' ability to capture inter-regional knowledge spillovers.
Three other aspects of the model specification are also worth highlighting. First, as part of the set of regional labour market indicators, L j , we consider variables designed to reflect both the individual and organisational capabilities of each region as discussed earlier. Secondly, to test for potential differences between labour market RACAP effects in LFRs and more prosperous regions we estimate separate 12 Other forms of legal and co-operative organisation clearly exist for collaborative research and Kogut (1988) , for instance, argues that joint ventures are an appropriate method of engaging in collaborative research where there is a high degree of uncertainty over specifying and monitoring performance. If, as Lane (1997) suggests, inter-firm relationships are characterised by lower levels of trust than in Germany, UK firms may find legally defined forms of research collaboration more attractive than German plants both to protect property rights and reduce transaction costs.
interaction effects for each group of regions, and then test for the equality of the estimated parameters for each group of regions. Third, to condition for possible income effects we also include GDP per capita variables in each equation. Commission, 2003) . This covers the whole EU15 but our analysis here is limited to seven countries (Germany, France, the Netherlands, Austria, Portugal, Finland and the UK) due to missing data in other areas (EU Commission, 2003, Appendix F) . With the exception of the UK where the data is for NUTS2 regions, the analysis is at a NUTS1 level with variable definitions and descriptive statistics given in Annex 1. In addition to the innovation measures, the EIS includes three groups of indicators which will contribute to regional innovation. First, regional technology investments by firms are measured by the level of business R&D spending and innovation expenditure by manufacturing and services businesses. Both will have direct effects on the level of regional innovation, with the potential for intra-regional spillovers between the manufacturing and service sectors. Second, the level of public R&D
Data and Estimation Methods
Data were taken from the 2003 European Innovation Scoreboard (European
13
The Second Community Innovation Survey (CIS 2) was undertaken in 1997 in all EU Member countries and Norway. Only enterprises with 20 or more employees were included in the sample. In each country a stratified sample frame was used reflecting enterprise size and industry classification. The sampling frames varied across countries and therefore 'the statistical significance of population values calculated on the basis of the realised sample varies… beyond national variations in response rates across strata and nationality' (Sandven, Pedersen and Smith, 1998 p.46). See also Arundel et al. (1998) .
. spending in the region -including that both by government and higher educationwill have the potential to generate intra-regional spillovers depending on RACAP. Table 1 shows the results for the baseline estimates of a regional innovation production function (equation 1) for 105 EU regions, including conditioning variables to reflect differences in GDP per capita. As expected, regional innovation expenditure in both manufacturing and services has a strong positive effect on all three innovation output indicators. Particularly notable are the significant coefficients on manufacturing innovation expenditure on service innovation output and vice versa, suggesting strong complementarity between service and manufacturing sector innovation (see also Muller and Zenker, 2001 ). However, the third measure of regional technology investment by firms -business R&D -has a significant and positive effect only on the success of manufacturing innovation, i.e. innovative sales.
Empirical Results
Evidence of intra-regional spillovers from public technology investments is weak, and marginally significant only in the case of service sector innovation. Inter-regional spillovers from national business R&D are positive in terms of each dimension of innovation activity and significant in the case of manufacturing, while national public R&D investment has no discernable spillover effect in manufacturing, and a marginally significant negative effect in services. Therefore at first sight there appear to be two key drivers of innovation at the EU regional level; direct investments by firms in innovation (but not necessarily in R&D); and inter-regional spillovers from business R&D activity elsewhere. There is almost no positive innovation benefit from either intra or inter-regional spillovers from public R&D investments. Tables 2, 3 and 4 report estimates of equation (2), the regional innovation production function augmented with the labour market RACAP terms, differentiating between LFRs and more prosperous regions. More specifically, Table 2 deals with the potential for labour market factors to help regions assimilate outside knowledge through intra-regional spillovers from local public R&D investments, while Tables 3   and 4 focus on absorptive capacity issues relating to inter-regional spillovers from public and business R&D respectively. In the discussion that follows, Tables 2, 3 Our results indicate that for high income regions increased tertiary education systematically reduces RACAP for both intra and inter-regional spillovers, while for LFRs increased levels of tertiary education have a largely insignificant effect on RACAP. This is consistent with the findings of Dolton and Vignoles (2000) on the returns to education which suggest a significant degree of graduate over-education in the UK, at least. By contrast, lifelong learning has a consistently positive effect on RACAP in both LFRs and more prosperous regions, although the nature of this effect differs between these groups of regions. In LFRs the positive effect of lifelong learning occurs in regions' intra-regional RACAP, allowing local services to benefit from spillovers from the region's public R&D spending (Table 2 ). In more prosperous regions, however, the positive RACAP effect of lifelong learning primarily benefits manufacturing firms which are more able to take advantage of inter-regional spillovers from both public and private R&D investments elsewhere (Tables 3 and 4 ). This latter point may be a reflection of the different market orientations in the two sets of areas, with services in LFRs being primarily locally based and dependent on regional demand, contrasting with the broader inter-regional and international market orientation of manufacturing in more prosperous regions.
Organisational RACAP effects, represented by employment in high-tech manufacturing and services, are overwhelmingly positive, most notably in the case of more prosperous regions where these effects are uniformly positive. Organisational effects are also consistently positive for manufacturing innovation in LFRs, but tend to be negative for service innovation in LFRs, significantly so on two occasions (viz.Tables 2 and 4).
The observed differences between labour market effects in LFRs and more prosperous regions are consistent with the differences in RACAP at different stages of development suggested by Narula (2004) . In particular, in LFRs we observe positive intra-regional rather than inter-regional individual capability RACAP effects together with negative organisational RACAP effects in the service sector. This is consistent with a situation in which services in LFRs are more locally oriented and concentrated in lower technology sectors than that is the case in more prosperous regions. This may also in part explain why lifelong learning rather than tertiary education has a significantly positive effect for services innovation in LFRs; the key RACAP issue for locally-driven services is medium-level skills in low/medium technology sectors, which are more likely to be provided by continuing education rather than by investment in tertiary education.
Conclusions
There are two main empirical conclusions from our analysis. The first is that there clearly are RACAP effects on innovation arising from labour market influences at the regional level. This is most evident from the contrasts between Table 1 , where public R&D expenditure at both the regional and national levels appear to have no effect on innovation output, and Tables 2 and 3 , where there is highly significant interaction between public R&D and individual and organisational absorptive capacity measures.
The second key conclusion is that the different organisational and individual RACAP effects are heavily contingent on regional characteristics. For example, in prosperous regions there are overwhelmingly positive organisational effects arising from the interaction between employment in high-tech manufacturing and services and public and business R&D, and also positive lifelong learning effects for manufacturing innovation. The pattern for LFRs is rather different, with positive organisational effects evident only for manufacturing, but a strong positive effect from lifelong learning in services. Crucially, neither prosperous regions nor LFRs benefit from expanding tertiary education: the RACAP effect of increased levels of tertiary education is insignificant in LFRs and significantly negative in more prosperous regions. This implies that there is no benefit from tertiary education developments in either rich or poor regions, and that in more prosperous regions there is a declining marginal benefit to such developments, suggesting systematic overinvestment in higher education in these regions. Put another way, this suggest that in terms of RACAP returns to education are likely to be higher in less developed regions. This is consistent with broader international evidence on the returns to education which stress that returns tend to be inversely related to initial schooling levels and per capita incomes (e.g. Psacharopoulos, 1994) .
Our results have both methodological implications and implications for regional development strategies. From a methodological standpoint, our results suggest that estimating regional innovation production functions such as equation (1) without allowing for the contingent relationship between knowledge availability and local labour market characteristics will underestimate the importance and extent of spillovers, and obscure the fact that labour market RACAP effects differ between different types of regions.
The implications for regional development strategy are fourfold. First, our results on the factors which shape regional innovation capability directly emphasise the positive and mutually reinforcing links between manufacturing and service sector innovation.
As Muller and Zenker (2001) suggest, this highlights the importance of a 'balanced' development strategy, reflecting the mutual inter-dependency of different sectors of the regional economy. Second, our RACAP results that labour market policy can have an important role in shaping RACAP and is therefore an important accompaniment to broader regional innovation or development strategies. Third, in terms of RACAP, investment in tertiary education appears to be a misplaced priority in both prosperous regions and LFRs, but for different reasons in different areas. For more prosperous regions the evidence suggests that, with respect to its effect on regional absorptive capacity 14 , there are already declining marginal returns to innovation output from increased tertiary education investment, while for LFRs the evidence suggests that there is more value in investing in lifelong learning than in tertiary education. Fourth, the organisational aspects of the labour market are also important, but policy again needs to be consistent with the developmental position of a region. For more prosperous regions policy initiatives designed to expand the proportion of high-tech employment in manufacturing and services has positive RACAP effects primarily through the increased capacity to capture inter-regional spillovers. It is markedly less clear that the same approach is applicable to LFRs. Here the evidence suggests that any expansion of high-tech employment in services actually reduces RACAP, and instead a more appropriate strategy might be oriented towards strengthening intraregional ACAP through, for example, investments in lifelong learning and in strengthening the medium/low technology service sector.
14 The present study does not consider the direct effect of educational investment on innovation outputs. 
